Mass and chemical composition of duck feathers were investigated in 90 White Peking ducks from hatching to 56 d of age at weekly intervals. During this period the mass of their plumage increased 65 times while the water content of the feathers rose 324 times, i.e. nearly 5 times as much than the mass. The quantities of feather protein, fat and gross energy (GE) underwent substantially smaller increases, rising 40, 25 and 39 times, resp. The mean hydration of the feathers was low, cGmpared with the other tissues of the body, whereas the protein concentration was high although it declined from hatching to 28 d of age. The fat content of the feathers was low and, except for an initial temporary rise, also decreased with age. The contribution of the feathers to total body mass was 6.2 %. The contributions of water, protein, fat and GE contained in the feathers to total body water, protein, fat and GE were 5.1; 14.5, 0.5 and 6.1 %, respectively. However, they changed with age. The mass of the feathers and of their chemical components therefore grew heterogenously although differently from the observations recorded for the gastrointestinal tract and the liver.
The evidence from our previous studies on ducks showed that the intense post-hatching growth of their body mass was accompanied by rapid and heterogenous changes in chemical composition and gross energy (GE) content of the body (B a ran y i 0 v a et al. 1980) and that shifts in the protein-fat ratio of the body mass produced changes in its energy densi~y (H 0 1 u b et al. 1987 ).
In addition to the aforementioned observations we found, however, that some organs such as the gastrointestinal tract and the liver showed changes considerably different from those recorded for the body as a whole not only in terms of their mass growth but also in age-dependent changes of their chemical composition and GE accUDftllation and that differences in this respect existed also between the two organs (B a ran y i 0 v Ii et al. 1983) , obviously in association with their specific functions.
Feathers also constitute an entirely clear-cut component of the body. Their morphological aspects have been the subject of a number of studies in ducks (L u cas and S t e t ten h e i m 1982; Pal mer 1982;
L ii h man n 1983). Little attention, however, has been paid to post-hatching changes in their chemical composition, and the few pertinent data available have not been related to the corresponding processes in the whole body of the duck and have not been quantified. These aspects are the subject of our present study.
Materials and Methods
Feathers of 90 White Peking ducks aged 1 to 56 d were analysed. The ducks were reared in rearing houses equipped with heaters under which the temperature was about 30 "C and the birds were free to choose the temperature of the environment. They had free access to water and were fed a commercial starter VI<CH 1 and a grower VI<CH 2 ad libitum.
The measurements were carried out on groups of 10 ducks each at weekly intervals. The birds were weighed and killed by asphyxiation without being bled. The carcasses were hand-plucked and their feathers were weighed and well mixed. Samples of the feathers were then taken and dried to constant mass at 90 to 95"C for 24 h. Total nitrogen and fat content of the dry matter were determined using two samples for each analysis. Total nitrogen was measured by a' micromethod (C 0 n way 1957), and fat by 24 h petroleum-ether extraction in a Soxhlet apparatus (M 0 n t emu r r 0 and S t eve n son 1960). Water content was determined from the difference between wet mass and dry matter. Energy contflt of the feathers was calculated from their con~ent of protein (23.9 kJ.g-) and fat (39.4 kJ.g-1).
Relative growth of the feather mass and its water, protein, fat and GE 100(Y2 -Yl) content were calculated according to the formula 0.5(Yl + Y2) (B rod y 1945) • Increases of the water and macronutrients under study were also determined in relation to body mass. The significance of the results was evaluated by Student-s t-test.
Results
The mass of the duck -s feathers increased 65 times (by 135.1 g) between days 1 and 56 (Tab. 1). Its mean daily increase during this 8-week period was 2.4 g.d-1 . However, the magnitude of the rise varied from week to week, showing the highest values in the 4th and 6th weeks (Fig. 1) . During the same period the water content of the feathers rose 324 times (by 64.5 g), its ~ean daily increase being 1.1 g (Tab. 1) . After remaining unchanged in the first week, the water content of the feathers increased 159 times between days 7 and 28. It grew most rapidly in the 4th week and then continued to increase at a slower rate, showing a twofold rise (Fig. 1) . The mean hydration of the feathers was remarkably low, 36.7 %; on day 7 it was as low as 8.3 %. Afterwards it increased up to day 28 and oscillated about 47 % in the following weeks (Fig. 2) .
The protein content of the feathers increased 40 times (by 59.6 g) during the first 8 post-hatching weeks. By day 21 it reached five times the original value (Tab. 1) and then increased almost 3 times during the 4th week. Another threefold rise was recorded within the followi1J.g 4 weeks. In other words, the protein content of the feathers grew 4 times slower in the 5th to 8th weeks than in the 4 th week. The mean daily increase of protein did not differ from those of the water content of the feathers (Fig. 1) . However, the protein concentration of the feathers was high, averaging 50.5 %. It varied with age: from more than 70 % on days 1 and 7 it declined to half this value by day 28, then rose during the following week and showed a moderate upward trend till day 56 ( sing almost 40 times slowlier than the protein content; its ~ mean daily increase was only 0.03 g. After an upward trend in the 1st to the 6th weeks it declined in the subsequent two weeks (Tab. 1, Fig. 2 ). The fat concentration of the feathers was low, averaging 3.0 %. It varied with age: it rose till day 14 and then decreased steadily, falling eventually to less than one fifth of its peak level. Little quantitative importance of the fat appears also from the observation that, with the exception of ducks aged 14 d, its concentration was invariably at least 10 times lower than that of protein (Fig. 2) .
The amount of GE in the feathers rose 39 times (by 1486 kJ) during the observation period, its mean daily increase being 27 kJ (Tab. 1) . Its accumulation rose from the 1st to the 4th weeks, peaked in the 6th week, at which time more than one fourth of its total deposition occurred, and then continued to rise less than one half slowlier (Fig. 1) .
The relative growth of the feather components under study peaked generally in the 3rd week. The fat content, however, peaked in the 2nd week and showed a relative decrease in the 7th and 8th weeks. Its relative growth exhibited a negative character (Fig. 3) . Expressed in relation to the feather mass, the deposition of the components under study, except fat, was highest in the 3rd week and fairly high in the 4th week. Interpreted in this way, the increases of the feather mass rose 7.6 times from the 1st to the 3rd week, continued to rise in the 4th week, but in the 7th week they decreased to 8 % of their maximum values, equalling those observed in the 1st week. Water showed no increase in the 1st week, most of it was deposited in the 3rd and the 4th weeks and its rise in the 8th week constituted only 8 % of its peak increase. Protein showed a similar trend: its increases rose 3 times by the end of the 3rd week and then declined gradually till the 7th and 8th weeks, falling to 12 to 13 % of its peak increase. Even under this relativization the age-dependent changes of the fat increases showed entirely specific features. Showing no change in the 1st week, they peaked as early as the 2nd week and then decreased so abruptly that their values in the last two weeks of the observation period were negative. Similarly, the increases in GE were highest in the third week, being 4 times higher than in the 1st week. Afterwards they declined with advancing age, falling to 11 % of their peak value (Tab. 2). averaged 4.9 % i. e. it was smaller than (Z a i t s c h e k 1908) or almost equal to the feather contribution reported for chickens (M 0 r a n 1977) and smaller than the corresponding findings made in turkeypoults (M 0 r a n 1977) and goslings (M 0 ran 1977; N i t s a n et al. 1981). Immediately after hatching it was close to the aforementioned average value, showed a decUne on day 14 and increased fourfold by day 42 (Fig. 2) . In the 7th and 8th weeks it was similar to the feather contribution reported for slaughter ducks (V a v ro use k 1967). The age-dependent changes described in the present study are associated, no doubt, with specific morphological features of duck feathers reported previously by. a number of writers (P a I mer 1972; . S t res e man n and S t r e s e man n 1966; L U h man n 1983).
The amounts and concentrations of the chemical components of duck feathers are considerably different from those recorded for the body as a whole (B a ran y i 0 v Ii et al. 1983; HoI u b et al., in press ). Of the total water content of the body only 3.1 % were found in the feathers. In the first 2 weeks the contribution of the feathers to the total water content of the body was close to the aforementioned average, then rose almost tenfold during the following 2 weeks and hovered about 5 % till the end of the observation period. The finding of low feather hydration in the first week approached the observation made by M c Cas I and and Ric h a r d son (1966) and the trend of the changes in feather hydration with ad vancing age was similar to the findings in goslings (N i t s a n et al. 1981). Nevertheless, it was consistently lower than the total body hydration, although it showed an abrupt rise with advancing age in the first part of the observation period.
The protein component of feathers has been studied repeatedly mainly with respect to its chemical nature and amino acid composition. Feathers are relatively rich in protein (S t e t t e n h e i m 1972). Little difference exists in this respect between species as well as between indivi-dual parts of the feather (8 c h roe d e rand Kay 1955;
H a r r a p and Woo d s 1967; E s s a r y and You n g 1977). The contribution of duck feathers to the total body protein in our study averaged 13.4 %, thus exceeding the contributions of the feathers to all the other somatic macronutrients. It was highest after hatching, declined to one third by day 14, then increased almost more than one half by day 28 and showed only a moderate upward trend afterwards. The aforementioned findings are associated with the high protein concentration of duck feathers which is three times that of the body. Its age-dependent changes were similar to those observed in goslings (N i t s a n et ale 1981) and the values observed by us at 8 weeks were close to the findings reported for adult domestic fowls (V a v r 0 use k 1967).
A quite different situation existed as regards the contribution of duck feathers to total somatic fat. This was very low, averaging merely 1.0 %. It was highest after hatching and then decreased with age, first steeply and afterwards at a slower rate, thus differing diametrically from the total body fat. Also the concentration of fat in the feathers was low. After an initial rise from hatching to 2 weeks of age it declined till the end of the observation period, falling to less than one third. These age-dependent changes were different from those observed in goslings where· the lipid concentration was reportedly low without any marked changes with advancing age (N i t s a n et al. 1981).
The contribution of duck feathers to total somatic GE averaged 6.2 %. It was highest in the youngest birds, decreased to one third by the end of the 3rd week and increased afterwards, approaching its average value by the end of the experiment.
Also the deposition of the components of the feather mass as well as its development with advancing age were different from those recorded for the body as a whole. Thus the growth of the plumage occurred relatively late: in the 3rd, 4 th and the 6th weeks. The accumulation of protein in the feathers was higher than in the body from the 2nd week, by which time the difference was largest, till the end of the observation period. On the other hand, the accumulati-on of fat in the feathers was lower than in the body, with the exception of the 2nd and the 3rd weeks. The accumulation of GE per unit feather mass was relatively higher in the 2nd to the 6th weeks and in the 8th week than its accumulation per unit body mass.
The results suggest that duck feathers grow heterogenously in the first 8 post-hatching weeks. This applies not only to their mass but also to their water, protein, fat and GE content. These phenomena are conditioned by both complicated gradual development and structuralization of feathers (L u c a s 1972;
S t e t ten h e i m 1972;
Pal mer 1972; L ii h man n 1983) and maturation of their composition. The role of feathers in the early ontogeny of all precocial birds is very complex and up to now little information has been available on the nature and development of the relevant phenomena.
In our experiments the accumulation in feathers of the chemical components under study peaked at time points different from those recorded for the body as a whole. However, feathers are not the only example of this type of ontogeny. Similar observations, e. g., have been made on the gastrointestinal tract and the liver. The increases of the mass of these organs and the changes of their chemical composition with their functional development also. differed from the situation of the body as a whole (B a ran y io v a et al. 1983) but were also different from the results reported here for duck feathers.
Chemicke slozeni a obsah energie v peri kachen v postinkubacnim udobi Na devadesati kachnach plemene bHeho pekingskeho jsme v tydennich intervalech zjisfovali hmotnost a chemickou skladbu pen. Od vylihnuti do veku 56 d se hmotnost pokryvu jejich tel zvysila 65krat. Mnozstvi vody v nem vzrost-10 324krat, tedy temer petkrat vic nez hmotnost. BHkovin, tuku a BE (brutto energie) v nem priby-valo podstatne mene a jejich mnozstvi vzrostlo 40krat, 25krat, pnpadne 39krat. Prumerna hydratace pen byla ve srovnani s ostatnimi tkanemi tela nizka, koncentrace proteinu naopak vysoka, i kdyz po vylihnutl do 28. d klesala. Obsah tuku v pen byl maly a take se, az na pocatecni prechodny vzestup, s vekem snizoval. Na somaticke hmotnosti se pen prumerne podllelo 6,2 %. Obdobny podll vody, bflkovin, tuku a BE v pen byl 5.1, 14.5, 0.5 a 6.1 %. S vekem se vsak menil. I hmota pen a jeho chemickych komponent tudiz rostly heterogenne, i kdyz jinak nez gastrointestin81niho traktu ci jater. 
